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Abstract
Software produced worldwide is growing at a phenomenal rate as software is used in such diverse products as automobiles, homes, and airplanes. In addition, the increasingly global business climate and expanding emphasis on distributed computing have accelerated the need for business software. However, there is currently an inadequate number of software engineers to produce and maintain software to meet this demand. One possible solution to correcting this shortfall is reeducating existing non-software engineering employees to become software engineers. For the past two years, the Industry/University (I/U) subgroup of the Working Group on Software Engineering Education and Training has been investigating active collaborations between companies and universities in which non-software professionals and practitioners who lack formal software education are reeducated to become software engineers. This paper reports on the I/U subgroup's findings by describing their approach to the investigation, the factors involved in successful collaboration construction and execution, and alumni views of the knowledge and skills transferred by the collaboration.
Introduction
Background
In , it still indicates rapid growth in the development and use of software. However, the number of software professionals available to develop and maintain this large body of software is limited and is not growing at a rate equal to the growth rate of software. The U.S. Department of Labor, Bureau of Labor Statistics projects that jobs in the software-centric categories of "engineering, natural science, and computer and information systems managers" and "computer systems analysts, engineers, and scientists" will be two of the highest growth job areas for the next several years [Kellinson 00 ]. The lack of software professionals is also occurring in countries such as Canada, India, and most countries in Europe.
Educational institutions are expanding efforts to increase the number of software engineering graduates [Modesitt 01 ], but the rate of production is not keeping up with demand. The reeducation of existing non-software personnel to fill software engineering positions is one logical approach for meeting this shortfall. Indeed, some companies have entered into cooperative partnerships with academic institutions to retrain employees with domain knowledge in order to retain this valuable resource [Frailey 98 ]. Bertrand Meyer [Meyer 01 ] indicates the need for software engineering education, as opposed to creating programmers, and various other efforts have identified the need for incorporating a strong industry perspective into software engineering programs [Frezza 99 , Hazen 97, Mingas 99, Wholin 99]. Thus, the construction of a collaborative relationship between industry and academic partners to reeducate a portion of the existing non-software workforce seems to be a logical and natural solution to providing a larger software engineering workforce.
This paper presents the findings of recent research into collaborative reeducation efforts between industry and academic institutions to produce qualified software engineering professionals. The research is being performed by the Industry/University (I/U) subgroup of the Working Group on Software Engineering Education and Training. The current focus of our investigation is on active collaborations that exist between companies and universities for converting non-software professionals into software engineers in order to provide larger numbers of trained software engineers. In the following section, we provide background on the group, including the goals of our work.
The Working Group on Software Engineering Education and Training
The Working Group on Software Engineering Education and Training (WGSEET) (http://www.sei.cmu.edu/collaborating/ed/workgroup-ed.html) was formed in 1995 with the mission of improving the state of software engineering education and training. The WGSEET is an ad hoc group of approximately 80 international professionals from academia, industry, and government with the goal of promoting software engineering education in all academic levels. The focus of the group is on the education and professional development of software practitioners through degree programs, continuing education, on-the-job training, and other educational mechanisms. WGSEET activities include the investigation of issues, proposal of solutions, publication of state-of-the-practice information, and publication of working group activities and results. Current areas of study include best practices in industry/university collaboration and guidelines for software engineering curricula.
The I/U subgroup is a subset of WGSEET members whose focus is to explore and foster collaborations between academic institutions and industry [Mead 99 ]. Currently, the I/U group is investigating collaborations in which non-software professionals and practitioners without formal software education are reeducated to become software engineers. By studying successful collaborations, we hope to identify the characteristics of a successful joint venture for retraining the future software workforce. We also hope to foster further collaborations and provide guidelines to both universities and companies interested in constructing a collaborative program for reeducating employees to become software engineers. Another goal is to provide feedback on which areas of software engineering knowledge and skills are most easily transferred to the student practitioners and applied in the workplace, in order to understand how well the student practitioners are able to internalize the material and apply it on the job.
The remainder of this paper is organized as follows: Section 2 describes our approach to the research by explaining our methodology and research framework. Section 3 discusses the construction and execution of the successful collaborations, and Section 4 describes the transfer of knowledge and skills to the student practitioners. Section 5 provides some general conclusions and outlines directions for future work.
Investigation Process
Focus of the Investigation
The motivation for the investigation of I/U reeducation collaborations was a talk given to the WGSEET by Dennis Frailey [Frailey 98 ] in which he described a collaborative software engineering reeducation program between Raytheon and several Dallas area universities. Using Beckman's definition [Beckman 99 ] of a collaboration as "a formal, joint effort by a university (or universities) and a business or government organization(s), where each party provides specified products and services to achieve common goals," we decided to focus on cooperative programs between academic institutions and industry partners to retrain non-software professionals to become software engineers. As the level of skills and knowledge necessary for an individual to be a proficient software engineer requires a significant effort to obtain, we decided to center our investigation on education programs that had a wider effect than several-day or week-long just-in-time training. When we started our work in March 2000, we identified nine collaborative programs between industry and academic institutions. By February 2001, we had centered our investigation on five ongoing collaborations whose durations ranged from eight months to two years and resulted in students who obtained credit towards undergraduate courses to students who received master's degrees. In the following sections we describe our approach to investigating I/U reeducation collaborations.
Our Approach
The major steps taken in our investigation and their organization are shown in Figure 1 . Our approach was crafted as a result of several meetings of the I/U subgroup and included input from many I/U subgroup members. 
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Figure 1: Process Used to Study I/U Reeducation Collaborations
Our investigation process had 10 steps:
Step 1 -Determine Collaboration Selection Criteria: We began our efforts in March 2000 by identifying a set of criteria, which we used to select candidate collaborations. We defined four main selection criteria, including collaborations in which students have no formal software engineering background, collaborations that have been in existence for at least a year, collaborations that are currently in the reeducation process, and collaborations in which ongoing interaction occurs between the university and the industry.
Step 2 -Conduct Initial Survey: Based on our selection criteria, we developed a short survey that we used to identify candidate collaborations. The survey contained nine questions intended to highlight the collaboration selection criteria and to elicit some general information about respondent background, number of students in the program, and future plans for the program. Between April and June 2000, we distributed this survey to a variety of software engineering forums, including the Forum for Advancing Software Engineering Education (FASE).
Step 3 -Filter Respondent Information: The next step in our process was to apply the selection criteria to the results of the initial survey to determine collaborations. This was carried out in December 2000 and resulted in a small pool of nine successful collaborations, six located in the United States and three located in Europe. Of these collaborative programs, seven resulted in students obtaining a master's degree, one resulted in students obtaining a bachelor's degree, and in one collaboration students received a certificate. Details of the results are described by Ellis [Ellis 01b].
Step 4 -Administer Questionnaire: In order to elicit more detailed information about the collaborations, an in-depth questionnaire was constructed in November 2000. Questions focused on the organizational and participation factors that may have contributed to the success of the collaboration, rather than the content of the programs themselves. The following major areas were covered:
• general background information
• program inputs, such as admission criteria
• program outcomes, such as participant success
• program format, such as delivery methods
• program budget and management
• overall benefits
Step 5 -Conduct Interviews: Our next step, carried out during January and February 2001, was to administer the questionnaire to the respondents of the initial surveys involved in the identified collaborations. The questionnaire was completed through a two-part process. We first emailed the questionnaire to the collaboration contact person identified in the initial survey, and that person filled out the simple portions of the form (e.g., checkboxes). We then set up a phone interview, in which one member of the I/U group interviewed the contact person to elicit answers to the more detailed questions (e.g., benefits and lessons learned).
Step 6 -Create Industry Opinion Survey: Upon receiving responses from the questionnaires and interviews, we realized that most of the responses were coming from the academic partner in the collaboration, providing a somewhat academically biased viewpoint. In order to elicit industry views, we constructed a short survey during February 2001. The first question in the industry opinion survey asked respondents to rate their satisfaction with 14 aspects of the program, including development process, pace, format, and content, on a three-level scale (dissatisfied, satisfied, very satisfied). The remaining five questions elicited information about the benefits received, lessons learned, and improvements that could be made to the program.
Step 7 Step 8 Step 9 -Conduct Alumni Survey: During October 2001, the I/U subgroup decided to complete our study on I/U reeducation collaborations by investigating how effective the reeducation collaborations are in transferring technology and skills to people with non-software engineering backgrounds. As part of this effort, we decided to elicit information from participants in the collaboration, as well as from managers responsible for overseeing graduates of the collaborations. Two surveys were constructed. An alumni survey asked alumni opinions of the breadth of software engineering knowledge gained from the collaboration and the usefulness of that knowledge. Alumni survey details are provided in Section 4. A management survey was constructed that asked similar questions of the managers of the alumni; however, we received only two responses to this survey and the responses were very neutral in nature. Therefore we could not draw any conclusions about management opinions from these two surveys.
Step 10 -Interpret Alumni Survey Results: In February 2002, the I/U subgroup evaluated the results of the alumni survey. While we lacked sufficient responses to obtain statistically significant results, we were able to draw some broad inferences. In general, students received a wide exposure to a range of software engineering technologies, students were satisfied with the knowledge and skills that they obtained, and students would recommend the collaborative programs to others. Section 4 provides details on these results.
Successful Collaboration Construction and Execution
Based on our observations of the ongoing collaborations over the course of two years, we have identified characteristics of successful collaborative efforts to reeducate software engineers. While all of the identified features may not be required for the creation of a successful collaboration, we do feel that most of these factors are required. In addition, we have identified several benefits to the university and industry partners participating in the collaborations.
In this section, we discuss the characteristics that successful collaborative efforts share and identify the dissimilar characteristics. We describe benefits accrued by the partners in the collaborations and provide insight into the industry opinions on the success of the collaborative efforts. The analysis presented in this section is based on the evaluation of the results of the detailed questionnaires and industry opinion surveys.
Common Characteristics
Based on our observations, it appears that successful collaborations share factors related to industry participation. One possible conclusion that could be drawn from industry impact is that significant industry participation and input is required for collaborations to succeed. Common characteristics of the collaborations we studied include the following:
Industrial Initiative: Most of the collaborations resulted from the industry partner(s) recognizing the need for more highly qualified software engineers and contacting the university partner, an institution with which they typically had a prior relationship. This relationship appears to be more important than the universities' experience with collaborative programs, as the industry partners selected their university partners with little regard to whether the academic institution had any previous software engineering reeducation programs. The implications of this disregard for experience with collaborative programs is twofold: (1) industry realizes the potential of the academic institution for conveying valuable software engineering; and (2) there is a considerable incentive for universities considering running such training programs.
Strong Industrial Partners:
The industry partners in the collaborations are either sizeable companies or collections of companies that have significant financial resources. In all cases, the company partner pays, either directly or indirectly, for student enrollment. One common feature of the industry partners is that almost all of them are either government agencies or private companies that handle a large number of government contracts.
Practically Oriented Programs:
One main characteristic related to the content of the collaborative programs is that they all are practically oriented, focusing on the application of knowledge and skills. In fact, several programs orient assignments and case studies to the specific domain in which the industry partners operate to maximize application of student knowledge.
Audience of Software Practitioners: All of the students who participated in the collaborative programs are employed in some aspect of the software field. Student experience in software development varies from 2 to over 10 years. Many students took part-time courses while working full time. This student background of software practitioners impacts the e cational experience in two ways. First, industry partners must be conscious of the effort expended by their employees in the collaborative program. Similarly, the academic partner mu also factor in student workload when defining the volume of homework assigned to studen dust ts.
Limited Number of Students:
The successful collaborations that we examined all had between 10 and 25 students per session. In some cases the university partner established the number of students per offering of the program. The decision was typically based on pedagogical reasons, such as the desire to have a group small enough for substantial interaction yet large enough to motivate interaction. In other collaborations, the industry partner defined class size limits typically based on financial and resource considerations.
Dissimilar Characteristics
In addition to the commonalities described above, we also identified several differences between the programs. These differences were mainly related to program content, admission procedure, and financial models and did not appear to adversely affect the success of the collaborations. We describe the three main differences below.
Content of the Program:
While we did not explicitly study the content of the collaborative programs, the process of topic definition differed between collaborations. In some cases, the industry partners specified the content to be covered in the courses. In other cases, either the university partners were responsible for this task or a mixed group, formed by university and industry representatives, specified the content.
Admission Procedure: The admission procedure used by the various collaborations also differed. In some collaborations the industry partner selected students, while in others students were required to fulfil the academic institution's program entrance requirements. There were also differences in how students elected to join the program. In some collaborations the in-dustry partner dictated that certain employees must enter the program, whereas in other programs the course was offered to all the employees of certain departments and enrollment was voluntary for the employees who had a personal interest in taking the course.
Financial Models: The final main difference between the collaborations was the financial model used to support the program. In some collaborations the industry partner paid on a per student basis, while in others the industry partner provided the academic partner with a specific amount of funding, irrespective of the number of students. In other cases, the academic institution offered courses with open enrollment, which were taken by students from the industry partner.
In addition to these three dissimilarities, other minor differences between the programs included location, timing of class offerings, and content. It appears from our study that these dissimilar characteristics have no significant impact on the success or failure of a collaboration.
Benefits
In the process of evaluating the collaborations, we identified four benefits that resulted from the collaborative reeducation efforts:
Knowledge Enrichment of University Teachers: The faculty that participated in the collaborative program appeared to gain increased exposure to software development practices in the real world. This exposure allows practical knowledge to migrate into the curriculum and provides faculty with a utilitarian view of software development.
Self-Supporting Programs:
The industry/university reeducation collaborations that we studied were entirely self-supporting and, in some cases, financially profitable for the academic partner. It appears that, while the university partner may have to make some up-front investments for things like course and curriculum development, the income from industry provides sufficient funding to support the program. It should also be noted that collaborations also provide some indirect economic benefits to the academic partners in the form of increased visibility of the university and its programs.
Knowledge Enrichment of Industry Employees:
The expanded knowledge and skill set of employees is the primary benefit identified by industry partners in the collaborations that we studied. This enhanced skill set benefits the industry partner as the company is able to produce better quality software in a more efficient manner, while also benefiting the employees through the advancement of their professional careers.
More Competitive Software Industries: Lastly, industry/university reeducation collaborations result in a benefit to the software industry as a whole. Some companies reported that their clients looked upon their participation in the collaboration very favorably, resulting in increased prestige in the software community. This benefit appears to result from the improved technical expertise gained by the employees.
In our evaluation of the detailed questionnaires and industry opinion surveys, we also identified other indirect benefits obtained from the collaborative program. Industry feedback indicates employees are less likely to leave the company when they are participating in a collaborative reeducation program, and the opportunity to participate in a collaborative program motivates others to continue working at the partner company.
Industry Viewpoint
Since the industry partner in the industry/university reeducation program could be considered a main customer of the collaboration, we decided to survey those industry partners to ascertain their opinions on the success of the collaborations. This section discusses the industry opinions expressed in the industry opinion survey.
In general, the industry partners appeared to be very satisfied with the collaborations and their outcome. All of the industry partners indicated that they were either satisfied or very satisfied with the program development and participant selection. All industry partners thought that the program management and oversight, student enrollment procedure, and format, content, and pace of the program was acceptable. When asked about the classroom environment, the majority of the respondents rated both the instructors' knowledge and the facilities as outstanding, while most respondents rated the instructors' teaching skills sufficient. All of the respondents indicated that they felt that the number of participants in the program was the correct size. When queried about their opinions of the program results, all of the industry partners indicated that they felt that the program was successful and that they gained k edgeable, competent employees.
nowl-
When asked about areas of improvement, some industry partners stated that incorporating more domain knowledge into the program could strengthen program content. However, few companies also indicated that they needed to provide employees with more flexibility in incorporating the program into their work environment. This finding appears to indicate that industry desires more relevant software engineering education.
One interesting feature that we noted in our evaluation of the industry opinion surveys was that only three of the industry partners track their employees who have completed the program. The tracking ranges from monitoring the employees' progress to a follow-up with the employee after program completion. Progress is monitored in terms of job promotions and to determine if employees are using the skill set acquired in the collaborative program.
Lastly, industry partners were asked about the important lessons learned from participating in the collaboration. The need for pre-planning before implementing a collaborative program was identified as a significant lesson by most industry partners. The need to clearly discuss and define requirements and expectations was identified as another important lesson gained.
In addition to the common and dissimilar characteristics of collaborations, we have also noticed that the main reason why collaborations appear to cease to exist is management turnover and the corresponding change of priorities.
Evaluating Knowledge/Skill Transfer
Having identified a set of features common across industry/university reeducation collaborations, the next step in understanding the practical benefits of the collaborations was to investigate the transfer of knowledge and skills that occurs within them. We used the alumni survey to educe the opinions of alumni on topics that would enable us to assess the efficacy and efficiency of knowledge transfer. In this section, we describe this effort and the results. Note that the evaluation process we have followed could be used for any software engineering program, either graduate and undergraduate, to analyze its efficacy in terms of practical usefulness and its efficiency in terms of the effort spent during the teaching process and the level of knowledge acquired by the students.
Alumni Survey Description
Alumni of four different collaborations were surveyed to analyze knowledge transfer in their collaborations. Three of the collaborations were taught in person and one was taught using distance education. The alumni of the four programs are software development practitioners with a variable number of years of experience. Each of these four collaborations targets between 15 and 25 students per year.
A total of 31 surveys for the four different collaborations (11, 10, 7, and 3 responses) were collected. Two collaborations were located in Spain (Madrid) and two in the United States (Georgia, Pennsylvania). Although the number of surveys is insufficient for a formal statistical analysis, the survey results allow us to make some general observations about the efficacy of the collaborative programs.
The alumni survey contained two parts. In the first part, the alumni were questioned about the major Software Engineering Body of Knowledge (SWEBOK) topics [Hilburn 99 ]:
• software requirements
• software design
• software construction
• software testing
• software maintenance
• software configuration management
• software engineering management
• software engineering process
• software engineering tools and methods
• software quality
The alumni were asked to evaluate how much each of these subjects was emphasized, how useful the knowledge acquired in each subject was for their current tasks, and whether they acquired sufficient knowledge of each subject. They used the assessment criteria shown in Table 1 . The second part of the survey asked alumni to assess the program's effect on their educational and professional status by indicating the extent to which they agreed (strongly agree, agree, disagree, and strongly disagree) with the following statements:
• Overall, my software engineering education has adequately prepared me for my current job.
• My education provided me with knowledge and skills that contribute to my job performance.
• My education has improved my software development skills.
• My education has improved my communication skills.
• My education has improved my technical skills.
• My education has improved my organizational skills.
• My education was highly relevant to state-of-the-art practices in my field.
• My education provided me with a useful reputation as a software engineer.
• My education contributed to the development of my professional career.
• I would recommend participation in my educational program to others.
The results of the alumni survey are described in the next section.
Alumni Survey Results
To understand how the programs affected the alumni's jobs, we surveyed them to determine the software engineering activities performed in their current positions. The results are shown in Table 2 . (The percentage column does not add up to 100, as some alumni performed more than one activity type.) Figure 2 shows the results of all 31 surveys regarding the emphasis, usefulness, and sufficiency of knowledge conveyed for each of the SWEBOK topics. The subjects analyzed are shown along the x-axis and the total assessment of the emphasis, usefulness, and sufficiency of knowledge acquired are shown along the y-axis. Therefore, the greater the value on the y-axis, the higher alumni considered the emphasis, usefulness, or sufficiency of knowledge for that subject.
Results of the Content Measurement
Overall, practitioners who participated in the collaborative programs have a positive impression of the effectiveness and usefulness of the skills that they gained. These results differ somewhat from Lethbridge's study on the applicability of software engineering knowledge [Lethbridge 01 ], which indicates a larger gap between the transferred knowledge and its usefulness in industry. One reason for this difference could be the fact that the majority of the collaborative efforts we investigated involved postgraduate (master's level) education, which is typically more focused than undergraduate education. This is to be expected, particularly in the case of the programs in question, where the industrial partners have a considerable influence on the definition of the program contents. Figure 2 indicates that the alumni consider the knowledge acquired about software management and software requirements most useful, whereas the knowledge related to software construction, software testing, and software maintenance is somewhat less useful. Since a higher percentage of alumni perform project and requirements management tasks, as shown in Table  2 , this is not an unexpected result. Also, alumni admitted that, before starting the course, they had little knowledge of these subjects. The results for the topics of testing and maintenance indicate that, while the percentage of alumni who perform these tasks is not among the lowest, alumni do not consider the knowledge acquired to be very useful. The reason given by the alumni was that they already had knowledge of these subjects before they started the course and, therefore, the usefulness of the new knowledge received was not as high as in software management and requirements.
The ideal result would be for the y-axis values for all three measures (emphasis, usefulness, and sufficiency) to be equal for each subject, although they would not be the same for all the subjects, as the usefulness of each subject is different. A quantitative analysis of the chart in Figure 2 shows that the average pair-wise correlation for the three characteristics ranges from 78%, between emphasis and usefulness, through 79%, between usefulness and sufficiency of knowledge, to 89%, between emphasis and sufficiency of knowledge. This means that the levels of the three characteristics are quite related, although far from the ideal 100% value.
Usefulness and Sufficiency of Knowledge
The relationship between usefulness and sufficiency of knowledge indicates the effectiveness of the programs in terms of the usefulness of the knowledge transferred for the current development tasks of the alumni. The closer the rating of these two factors, the more effective the alumni viewed the program. As shown in Figure 2 , except for the software management sub-ject, the levels of sufficiency of knowledge for the different subjects are greater than or equal to the usefulness values, indicating that the programs are viewed as being very effective.
In the case of software management, the emphasis is also slightly lower than the usefulness rating, which may indicate a need for programs to reexamine content related to software management, as well as to review the process by which this topic is taught. This is a key point, because, as shown in Table 2 , half the alumni surveyed perform tasks related to this topic. Note that although the emphasis with which this discipline is taught is greater than the sufficiency of knowledge, the emphasis is also slightly lower than usefulness. Analyzing the data that give rise to this situation in depth, we find that, although there are no statistically significant differences between the data of the three collaborations, it is qualitatively appreciable that the distance program data have lower levels of sufficiency of knowledge acquired on this subject. This means that special attention should be paid to the teaching methods used in distance training, by encouraging, for example, more interaction with students to raise the level of sufficiency of knowledge. As we shall see later, this is not the only distance program subject where differences in alumni responses are apparent (although they are mostly not statistically significant), which means that the intuitive idea that distance training has more handicaps than classroom education and, therefore, calls for more teaching preparation effort can be corroborated to some extent.
Overall, the 79% correlation between usefulness and sufficiency of knowledge shows that alumni are satisfied with the knowledge gained from the collaboration. A large difference between the sufficiency of knowledge rating and a greater usefulness rating indicates that programs are providing more knowledge or skills than required by the alumni. As shown in Figure 2 , topics that exhibit this characteristic include software tools/methods and software design. Since only 25% of alumni perform design tasks, as shown in Table 2 , alumni may benefit from education at a higher level of abstraction.
Emphasis and Sufficiency of Knowledge
The relationship between emphasis and sufficiency of knowledge is important mainly from the viewpoint of the teachers, as it indicates how efficient their teaching is. So, the closer the levels of these two characteristics are, the more efficient the teaching would be, and the higher the level of sufficiency with respect to emphasis the better. As mentioned above, the correlation value between the two characteristics is 89%, which indicates that it is generally true that if a lot of emphasis is placed on the subject taught, the level of knowledge acquired by the students on the subject is also high. However, it is interesting to analyze which subjects have bigger or smaller differences. The biggest differences are found in the subjects of software quality and software configuration management, which means that the sufficiency of the knowledge acquired by the students on these subjects is removed from the emphasis with which these subjects are taught (although it is appropriate in relation to their practical usefulness, as shown in Figure 2 ). There is more than one possible explanation for this. One is that the alumni had little previous knowledge of these subjects, as they themselves admit-ted. Alternatively, the teaching methods used might not be the most suitable. For example, in two collaborations, the teaching was based on real quality and configuration management plans, which meant that students had to make a tremendous effort to try to understand these complex concepts quickly. It would be advisable to adapt the process by which these disciplines are taught to deal with the complexity of the subjects gradually, first using fictitious and simple quality and configuration management plans and gradually raising their complexity. Accordingly, the students would be able to internalize the complexity of these disciplines progressively, and the match between the levels of sufficiency of knowledge and emphasis placed on the teaching would tend to improve. Special attention should be paid to distance education, as, again, it was found that the difference between these characteristics in the results of the distance program surveys was bigger than in the other surveys, although it was not statistically significant.
The subjects in which the levels of both emphasis and sufficiency of knowledge are closer are also worth mentioning, because, as we said above, this would be an indication that the teaching process followed is efficient. These subjects are software construction and software requirements. An examination of their teaching processes revealed that, generally, those processes are based on practice at different levels of complexity in all programs.
Finally, there remains the particular case of software testing, where the sufficiency of knowledge is above the level of emphasis. A direct interpretation of these data could be that the efficiency of the teaching process of this knowledge is exceptionally good. However, a more detailed qualitative analysis of the alumni's responses and their justifications shows that they already had informal background knowledge of the subject and that, although the teaching process was based on theoretical explanations or simple examples of the different testing techniques, they could use these simple explanations to sort out and formalize the informal knowledge that they already had. Therefore, the value of sufficiency of knowledge was higher than the emphasis value.
Emphasis and Usefulness
We will not go into the relationship between the emphasis with which the knowledge is taught and its usefulness in detail, as, although this relationship can provide a preliminary impression of the efficiency of the teaching process for the current activities of the attendants, the real indicator of this measure is the relationship between usefulness and sufficiency of knowledge discussed above. However, it should be highly correlated (as indeed it is, at 78%), and the level of emphasis should be higher than the level of usefulness of the knowledge (as shown in Figure 2 , except for project management as discussed above).
Results of the Subjective Assessment
As mentioned above, the survey also included a subjective assessment of the programs with regard to their effect on both the educational and professional status of the alumni. Table 3 shows how the alumni responded to each statement in the assessment. These results are shown graphically in Figure 3 , where the x-axis shows the opinion statements and the y-axis shows the alumni's assessment expressed as a percentage. These results indicate that the alumni generally agree that the programs improved their skills, with 70% of the alumni agreeing that the programs improved their technical skills. This percentage is slightly lower (although this difference is not statistically significant) for the distance program. 
Figure 3: Graphical Representation of Attendants' Assessment of the Program Effect
Regarding management support, it is interesting to note that, although a majority of the alumni state that this support exists, about 25% of them noted that they received no such assistance (disagree or strongly disagree). Since it is the industrial partners that actually finance and promote the programs in these collaborations, it is somewhat contradictory that there are alumni who do not find the support to apply the acquired knowledge. In this respect, it would be useful to strengthen management support.
Also, the opinion of the alumni with regard to the improvement of their reputation as software engineers is noteworthy, where the percentage of alumni who either disagree or strongly disagree is higher than those who agree or strongly agree. It is perhaps a little early to interpret this information, as is the case with the question regarding the contribution of the program to the development of the professional career of the alumni. Although the majority agree with the latter statement, over 20% either disagree or strongly disagree. Since the respondents are alumni who completed the latest programs, a correct assessment of these statements may not be possible until after some time has passed.
Finally, it should be mentioned that almost 90% of alumni would recommend the program they took to colleagues. On this point, it is noteworthy that there was a significant difference between the distance program and classroom program alumni. The percentage of alumni who strongly agree with this statement was significantly higher for the classroom programs as compared with the distance program, whereas the percentage of distance alumni who agree with the statement was significantly higher than that of alumni in the classroom programs who agree. Again there is an underlying intuitive idea that distance programs may be less appealing to students. However, many of the alumni participating in the distance program recognized the usefulness of distance education, as they stated that, because of time and mobility limitations, they would have been unable to take the program if it had required class attendance.
Conclusion
In the course of the two-year investigation into industry/university collaborations to reeducate non-software personnel to become software engineers, the I/U subgroup of the WGSEET has compiled several useful observations about such collaborations. The primary observation is that these collaborations provide significant benefits for all three major stakeholders: the industry partner, the academic partner, and the students. Industry feedback indicates that companies benefit from a larger, more highly trained workforce with a higher level of knowledge and skills, while retaining large stores of domain knowledge held by the existing employees. Universities benefit from increased visibility of their programs, as well as from the dissemination of a real-world vision of software engineering throughout the faculty. Students benefit by becoming more highly skilled workers, with higher job satisfaction and more career mobility.
In addition to the benefits already being reaped from industry/university reeducation collaborations, we suggest that further opportunities for profit exist. The interactions between industry and universities provide fertile ground for applied research that combines the real-world knowledge of the company with the theoretical background of the university to produce solutions to practical problems. We also feel that academic institutions must maintain close ties to the industry that employs their graduates.
One area of concern that we identified in our investigation was the apparent relatively short life of industry/university collaborations for reeducating software engineers. Given the amount of effort required to construct such a program and the continuing shortfall of qualified software engineers, we believe that maintaining these programs is of value to the partners involved and to the larger discipline of software engineering.
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